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Figure  1,--Map  showing  areas  used  in  summarizing  Atlantic  menhaden  catch  data, 
locations  of  menhaden  reduction  plants,  and  locations  of  places  mentioned  in  the  text. 
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ABSTRACT 


The  1960  purse  seine  catch  of  Atlantic  menhaden,  Brevoortia  tyrannus,  was  the 
second  smallest  since  1955,  In  the  summer  fishery,  501,000  tons  were  landed;  in 
the  North  Carolina  fall  fishery,  68,000  tons.  The  total  estimated  number  of  purse 
seine  sets  was  27,052  and  the  mean  catch  per  set  21  tons,  as  compared  with  a  mean 
of  28,810  sets  and  23  tons  persetfor  the  period  1955-59.  There  were  fewer  vessels 
than  in  1959  in  all  areas  except  the  Middle  Atlantic  Area. 

The  catch  was  dominated  by  age-2  fish  of  the  1958  year  class.  This  age  group 
accounted  for  69  percent  of  the  catch  in  the  South  Atlantic  Area,  82  percent  in  the 
Chesapeake  Bay  Area,  95  percent  in  the  Middle  Atlantic  Area,  45  percent  in  the 
North  Atlantic  Area,  and  21  percent  in  the  North  Carolina  fall  fishery.  Mean  length 
and  weight  of  age-2  fish  were  less  than  in  the  previous  5  years. 


INTRODUCTION 

This  is  the  sixth  report  of  a  series  sum- 
marizing the  annual  catch-sampling  data  col- 
lected by  the  Bureau  of  Commercial  Fisheries 
as  part  of  a  continuing  investigation  of  the 
Atlantic  menhaden,  Brevoortia  tyrannus.  This 
report  summarizes  the  1960  purse  seine 
fishery,  and  includes  measures  of  the  total 
catch  and  the  distribution  of  fishing  activity 
as  well  as  summary  data  on  the  number,  age. 


length,  weight,  and  sex  of  Atlantic  menhaden 
caught  in  the  purse  seine  fishery.  As  in  pre- 
vious reports,  the  review  of  the  "summer" 
fishery  is  referred  to  four  geographical  areas 
(fig.  1),  while  the  North  Carolina  fall  fishery 
is  treated  separately. 

THE  1960  PURSE   SEINE  FISHERY 

The   1960  purse  seine  catch  was  next  to  the 
smallest    since    1955   in   both   the   summer 


fishery  and  the  fall  fishery,  and  below  average 
for  the  period  1955-59  (table  1).  While  the 
catch  in  the  Middle  Atlantic  Area  increased 
over  that  in  1959,  the  catch  in  all  other  areas 
decreased. 

The  number  of  purse  seine  sets  in  the 
summer  fishery  was  less  than  the  5-year 
average  in  all  areas  except  the  Middle  Atlantic 
Area  (table  1).  The  number  was  less  than  for 
any  of  the  previous  5  years  in  the  South 
Atlantic  Area  and  next  to  the  smallest  in  the 
North  Atlantic  Area,  In  the  Chesapeake  Bay 
Area,  the  number  of  sets  was  greater  than 
in  1955  and  1956,  but  less  than  in  other  years; 
in  the  Middle  Atlantic  Area,  it  was  less  than 
in    1956    and   1957,  but  greater  than  in  other 


years.  The  number  of  sets  in  the  North  Caro- 
lina fall  fishery  was  less  than  for  any  of  the 
previous  5  years. 

The  mean  catch  per  set  in  the  summer 
fishery  in  all  areas  except  the  Middle  Atlantic 
Area  was  approximately  the  same  as  the  mean 
for  the  5-year  period,  1955-59.  The  greatest 
difference  occurred  in  the  Middle  Atlantic 
Area  where  the  mean  catch  per  set  was  5  tons 
per  set  less  than  the  5-year  mean.  In  the 
North  Carolina  fall  fishery,  however,  the  mean 
catch  per  set  was  8  tons  above  the  mean  for 
the  5-year  period  (table  1). 

There  were  146  vessels  in  the  fishery, 
with   114  in  the  summer  fishery  and  32  in  the 


Table   1. — Mean  annual  catch,   mean  number  of  purse  seine   sets,    and  mean  catch 
per  set,    1955-59;   and  the   catch,   number  of  sets,    and   catch  per  set,    1960, 
Atlantic  menhaden  purse  seine  fishery- 


Season  and  area 


Catch 


Mean 
1955-59 


1960 


Purse  seine 
sets""- 


Mean 
1955-59 


1960 


Mean  catch  per 
purse  seine 
set 


Mean 
1955-59 


1960 


South  Atlantic 

Chesapeake  Bay 

Middle  Atlantic 

North  Atlantic 

Summer  Fishery 

North  Carolina  Fall  Fishery. 
Summer  and  Fall 


Thousand 
tons 
56 

141 
317 

71 
585 

76 
660 


Thousand 
tons 

40 
112 
286 

63 

501 

3  68 

569 


Number 
3,349 
8,086 

12,674 
2,624 

26,802 
2,054 

28,810 


Number 
2,353 
6,588 

14,300 
2,423 

25,664 
1,388 

27,052 


Tons 
17 
17 
25 
27 
22 
37 
23 


Tons 

17 
17 
20 
26 
20 
49 
21 


"'■  Slight  discrepancies  in  numbers  as  given  in  previous  reports  and  in  sub- 
totals and  totals  due  to  rounding  off  of  figures. 


2  Source:    Fishery  Statistics  of  the  United  States,    1960.    By  Edward  A, 
U.S.    Fish  and  Wildlife  Service,    Statistical  Digest  No.    53,    529  p. 


Power, 
,    Fish  and  Wildlife  Service,    Statistical  Digest  No.    53,    529  p. 
•^  The  North  Carolina  fall  fishery  normally  extends  into  January;    therefore, 
catch  total  includes  January  1961,   but  not  January  1960.    Seasonal  breakdown  of 


the   catch  obtained  from  U.S.    Fish  and  Wildlife  Service,    C.F. S. 
2521. 


Nos.    2252  and 


North  Carolina  fall  fishery.  The  number  of 
vessels  fishing  decreased  from  1959  in  every 
area  except  the  Middle  Atlantic  Area. 


South  Atlantic  Area 

Although  large  numbers  of  Atlantic  menhaden 
were  reported  in  April  off  Femandina  Beach, 
Fla.,  poor  market  conditions  and  large  in- 
ventories of  fish  meal  delayed  commence- 
ment of  the  fishery  until  May  9.  Only  three 
vessels  fished  out  of  Femandina  Beach  during 
the  season.  Landings  were  good  in  May,  but 
fish  became  scarce  by  the  middle  of  June. 
In  July,  numerous  schools  appeared  between 
Brunswick,  Ga,,  and  Femandina  Beach,  and 
fishing  continued  good  through  August.  During 
this  time,  however,  catch  quotas  were  im- 
posed, and  each  vessel  also  was  limited  to 
a  5-day  week.  In  September,  hurricane  "Donna" 
restricted  fishing,  and  fish  also  became  scarce. 
Two  vessels  made  only  six  landings  during 
the  month.  One  vessel  fished  sporadically  in 
October,  and  landed  the  lastcatchof  the  season 
on  November  3. 

Four  vessels  from  Southport,  N.C.,  began 
fishing  at  the  mouth  of  the  Cape  Fear  River 
on  May  31.  Fish  were  so  scarce,  however, 
that  the  vessels  quit  after  only  2  days  of  fish- 
ing and  remained  idle  for  3  consecutive  weeks. 
On  June  20,  fish  were  located  off  Georgetown, 
S.C.,  but  disappeared  after  3  days.  Only  12 
landings  were  made  in  June.  Four  additional 
vessels  joined  the  fleet  in  July,  but  fishing 
was  poor  and  few  landings  were  made.  On 
August  2,  fish  were  reported  off  Georgetown, 
S.C.  Fishing  in  that  area  continued  to  be 
good  for  the  next  3  weeks.  During  this  time 
some  good  catches  also  were  made  off  Wrights- 
ville  Beach,  N.C.  Hurricane  "Donna"  inter- 
rupted fishing  in  September,  and  fish  also  be- 
came scarce.  Fish  were  landed  on  only  2  days 
in  September  and  1  day  in  October.  Fishing 
ended  on  October  17. 

Nine  vessels  constituted  the  fleet  at  Beaufort, 
N.C.  Fishing  began  in  Core  Sound  on  May  24 
and  continued  in  Core  and  Bogue  Sounds 
throughout  the  season.  Fishing  in  outside 
waters  was  sporadic  and  generally  poor  through 
most  of  the  summer.  On  June  16,  some  large 


schools  appeared  between  Ocracoke  and  Cape 
Hatteras,  N.C.  Three  vessels  made  good 
catches  of  these  fish  until  they  disappeared  a 
few  days  later.  Occasionally,  catches  were 
made  in  the  vicinity  of  Cape  Lookout,  N.C, 
in  July,  and  during  the  first  2  weeks  in  August 
schools  were  abundant  in  ocean  waters  off 
Wrightsville  Beach  and  Bogue  Inlet,  N.C. 
Between  September  9  and  November  7,  only 
sporadic  landings  were  made. 

The  catch  in  the  South  Atlantic  Area  was 
40,000  tons,  35,000  tons  less  than  in  1959. 
The  largest  part  of  the  catch  was  landed  in 
August  (39  percent),  followed  by  July  (25 
percent),  June  (13  percent),  October  (9  per- 
cent). May  (7  percent),  September  (6  percent), 
and  November  (1  percent). 


Chesapeake  Bay  Area 

Thirteen  vessels  began  fishing  on  May  30, 
and  seven  more  followed  on  June  6.  In  July, 
four  additional  vessels  joined  the  fleet,  but 
seven  others  stopped  fishing.  The  fleet  com- 
prised 22  vessels  in  August,  but  5  of  these 
fished  only  2  weeks.  In  September  and  October, 
22  vessels  fished  intermittently.  During  the 
first  week  in  October,  18  vessels  stopped  fish- 
ing but  1  vessel  continued  until  October  27. 

Fish  were  abundant  all  season  throughout 
the  bay,  but  were  concentrated  in  the  lower  bay 
around  Silver  Beach  and  North  Channel.  In 
September,  scattered  landings  were  made  out- 
side the  bay  in  the  vicinity  of  False  Cape  and 
Virginia  Beach,  and  in  the  upper  bay  around 
Tangier  Island,  but  most  fishing  was  done  in 
the  lower  bay  around  North  Channel.  Fish 
began  moving  out  of  the  lower  bay  in  early 
October,  and  catches  declined  thereafter. 

The  purse  seine  catch  in  Chesapeake  Bay 
was  114,000  tons,  approximately  53  percent 
of  the  catch  in  1959.  The  largest  percentage 
of  the  catch  was  landed  in  June  (28  percent), 
followed  by  August  (22  percent),  July  (21 
percent),  September  (15  percent),  October 
(12  percent),  and  May  (2  percent). 


Middle  Atlantic  Area 

On  June  6  a  fleet  of  53  vessels  began  purse 
seine  fishing.  Initially,  good  catches  were 
made  in  Raritan  Bay  and  in  the  vicinity  of 
Ambrose  Lightship,  but  fish  soon  became 
scarce.  Weather  was  bad  during  most  of  the 
month,  and  catches  were  small.  On  July  5, 
numerous  schools  were  located  off  Atlantic 
Highlands,  N.J.  Fishing  in  this  locality  was 
good  throughout  July.  Excellent  catches  were 
made  off  the  southern  shore  of  western  Long 
Island  in  August.  At  the  same  time,  schools 
of  small  fish  were  abundant  between 
Chincoteague,  Va.,  and  Ocean  City,  Md,  In 
mid-September,  these  smaller  fish  dis- 
appeared from  the  vicinity  of  Ocean  City  dur- 
ing a  period  of  bad  weather,  and  catches  for 
the  rest  of  the  month  were  sporadic  through- 
out the  area.  In  early  October,  the  migratory 
schools  of  older  fish  appeared  off  the  southern 
shore  of  Long  Island,  and  smaller  fish  re- 
appeared off  Ocean  City.  Fishing  in  these 
localities  continued  until  October  21,  when 
the  season  ended. 

The  purse  seine  catch  was  286,000  tons, 
5,000  tons  more  than  in  1959.  Landings  in 
July  accounted  for  28  percent  of  the  season's 
total,  while  landings  in  August,  June,  Septem- 
ber, and  October  accounted  for  27,  16,  16,  and 
13  percent,  respectively. 


North  Atlantic  Area 

Fewer  vessels  participated  in  the  fishery 
than  in  previous  years.  None  fished  out  of 
Portland,  Maine,  and  the  Gloucester,  Mass., 
fleet  was  reduced  to  seven  vessels.  The  num- 
bers in  the  Amagansett,  N.Y.,  and  Point  Judith, 
R.I.,  fleets  were  the  same  as  in  previous 
years — 10  at  Amagansett  and  4  at  Point  Judith. 

The  first  catch  of  the  season  was  taken  from 
Narragansett  Bay  on  June  2  by  a  Point  Judith 
vessel.  Three  more  vessels  from  Point  Judith 
began  fishing  in  the  bay  a  few  days  later. 
Throughout  the  season,  fishing  by  the  Point 
Judith  fleet  was  confined  almost  entirely  to 
Narragansett  Bay.  Fishing  by  this  fleet  ended 
on  October  10, 


The  Gloucester  fleet  began  fishing  on  June 
16  in  Massachusetts  Bay.  Over  4,600  tons, 
representing  approximately  51  percent  of  the 
season's  catch,  was  taken  from  this  area  in 
July,  In  August,  schools  were  reported  as 
numerous,  but  they  usually  occurred  where 
fishing  was  prohibited  (e.g.,  Boston  Bay),  and 
catches  were  poor.  Sporadic  fishing  continued 
until  September  20, 

The  Amagansett  fleet  began  fishing  on  June 
6  off  Marthas  Vineyard.  Excellent  catches 
were  made  in  that  locality  until  mid-June, 
when  bad  weather  occurred  and  the  fish  dis- 
appeared. Fish  appeared  during  the  last  week 
of  June  in  Nantucket  Sound  and  in  the  waters 
off  Cape  Cod,  and  fishing  was  concentrated 
in  these  areas  through  July.  In  August,  large 
schools  appeared  in  western  Long  Island  Sound 
and  off  the  southern  shore  of  Long  Island. 
Fishing  in  these  localities  and  in  Nantucket 
Sound  continued  through  August.  In  September 
and  October,  fishing  was  concentrated  in 
Nantucket  Sound  and  off  the  southern  shore 
of  Long  Island.  Fishing  terminated  on  October 
22, 

The  purse  seine  catch  in  the  North  Atlantic 
Area  was  63,000  tons,  1,000  tons  less  than  in 
1959.  The  largest  percentage  of  the  catch  was 
made  in  August  (30  percent),  followed  by  July 
(29  percent),  June  (18  percent),  September  (12 
percent),  and  October  (11  percent). 


North  Carolina  Fall  Fishery 

There  were  32  vessels  in  the  fishery,  30 
less  than  in  1959.  Fishing  began  on  November 
9,  when  schools  were  spotted  in  the  vicinity 
of  Rodanthe,  N.C,  Strong  winds  and  heavy 
seas  prevented  fishing  from  November  10  to 
13,  but  on  November  14  catches  were  made  off 
Cape  Hatteras,  Ocracoke  Inlet,  and  Beaufort, 
N.C.  Good  catches  were  made  the  following 
day,  but  bad  weather  restricted  fishing  from 
November  16  to  20,  Fishing  on  a  single,  large 
school  of  fish  resumed  on  November  21  and 
terminated  on  November  26  when  the  school 
disappeared  off  New  River  Inlet,  N.C.  On 
November  27,  another  large  school  of  fish  was 
spotted   off   Ocracoke    Inlet.  The  entire  fleet 


followed  this  school  as  the  fish  moved  south- 
ward, but  fishing  was  interrupted  by  stormy 
weather,  and  the  last  catches  were  made  on 
December  8  off  Bogue  Inlet,  N.C.  A  few  catches 
of  young-of-the-year  fish  were  made  there- 
after, but  as  in  1959  little  effort  was  expended 
on  these  smaller  fish  by  vessels  from  Beaufort 
and  Morehead  City,  N.C.  Vessels  from  South- 
port,  however,  caught,  these  fish  on  several 
days  in  early  January,  and  while  the  tonnages 
landed  were  relatively  small,  the  number  of 
fish  was  actually  quite  large. 

The  total  catch  was  68,000  tons,  23,000 
tons  less  than  that  in  the  previous  year  and 
8,000  less  than  the  5-year  average  1955-59. 
Bad  weather  was  primarily  responsible  for  the 
smaller  catch. 


Distribution  of  Purse  Seine  Sets 

The  estimated  numbers  of  purse  seine  sets 
within  10-minute  unit  areas  are  shown  in 
figure  2,  Fishing  was  distributed  over  sub- 
stantially the  same  range  as  in  previous  years, 
with  most  sets  being  made  within  the  20-fathom 
contour  between  latitudes  30°  N.  and  43°  N. 
The  greatest  fishing  activity  occurred,  as  in 
previous  years,  in  Chesapeake  Bay  and  in 
coastal  waters  northward  to  Long  Island. 

The  major  changes  from  previous  years 
included  (l)an  absence  of  fishing  north  of 
Massachusetts  Bay  (fishing  in  this  locality  has 
been  decreasing  since  1956),  and  (2)  fewer  sets 
in  waters  lying  between  northern  Florida  and 
southern  North  Carolina  (this  decrease  in  part 
reflected  the  decrease  in  the  number  of  ves- 
sels in  the  fleet  and  the  catch  restrictions  im- 
posed at  Fernandina  Beach,  Fla.,  but  largely 
resulted  from  a  scarcity  of  fish  from  George- 
town, S.C.,  to  Wrightsville  Beach,  N.C). 


SAMPLING  OF  THE  CATCH 

Sampling  methods  in  1960  were  the  same 
as  those  described  by  June  and  Reintjes 
(1959).  The  number  of  samples  taken  at  each 
plant  location  is  given  in  table  2.  No  landings 
were  made  at  Portland,  Maine,  or  Yonges 
Island,  S.C.  The  number  of  tons  of  fish  landed 


Table  2. --Number  of  samples  of  Atlantic  menhaden 
taken  from  purse  seine  catches,  1960 


Season  and  locality 

Number  of 
samples 

SUMMER  FISHERY 

Fernandina  Beach,  Fla.  .  . 

Southport,  N.  C 

Beaufort,  N.  C 

Reedvllle,  Va 

Lewes,  Del 

Wildwood,  N.  J 

Port  Monmouth,  N.  J.  .  .  . 

Amagansett,  N.Y 

Pt.  Judith,  R.  I 

Gloucester,  Mass 

Number 

14 

14 

24 

102 

131 

86 

118 

128 

6 

6 

Subtotal  

FALL  FISHERY 

Beaufort-Morehead  City, 
N.  C.  .  .  .  .  

629 
61 

Total  

690 

per  sample  was  797  for  the  summer  fishery 
and  1,115  for  the  North  Carolina  fall  fishery. 


Age  Composition 

The  age  composition  (in  percent)  and  the 
calculated  numbers  of  fish  at  each  age  in  the 
purse  seine  catches  from  1955  to  1960  are 
listed  in  table  3. 

The  catch  declined  from  a  record  5.5  billion 
fish  in  1959  to  2.9  billion  in  1960,  the  second 
smallest  in  the  6-year  period  1955-60.  The 
small  number  of  fish  resulted  from  the  dis- 
proportionate contribution  by  the  unusually 
strong  1958  year  class,  which  dominated  the 
1960  fishery  as  2-year  olds,  and  from  the 
exceptionally  poor  contribution  by  the  1959 
year  class  (age-1  fish).  In  1959,  age-1  fish 
(1958  year  class)  accounted  for  75  percent 
of  the  catch  and  4.1  billion  fish,  but  in  1960, 
age-1  fish  (1959  year  class)  accounted  for 
only  24  percent  of  the  catch  and  0.7  billion 
fish.  The  1958  year  class  set  a  record  in 
1960  for  the  number  of  age-2  fish  contributed, 
with  1.9  billion.   Age-4  fish  (1956  year  class) 


Figure  2.--Distribution  of  purse  seine  sets  for  Atlantic  menhaden,  1960. 
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accounted  for  a  larger  part  of  the  catch  than 
in  any  year  except  1955.  as  in  previous  years, 
the  catch  included  only  a  small  percentage  of 
fish  older  than  age  4,  Age-0  fish  (1960  year 
class)  constituted  a  slightly  greater  percentage 
of  the  catch  than  in  1959  but  generally  less 
than  in  prior  years. 

The  percentage  age  composition  of  the 
catches  in  different  areas  for  1960  is  shown 
in  figure  3  and  listed  in  table  4,  and  the 
calculated  numbers  of  fish  in  the  different 
age  groups  is  listed  in  table  5. 

The  catch  in  the  South  Atlantic  Area  com- 
prised fish  of  age  0  through  age  2,  Age- 2 
fish  (1958  year  class)  constituted  the  largest 
percentage  of  the  catch  for  the  second  time 
in  the  period  1955-60.  The  number  of  fish 
caught  was  399  million,  about  equal  to  that 
in  1955,  1957,  and  1958,  but  much  smaller 
than  the  1.1  billion  caught  in  both  1956  and 
1959.  In  the  latter  2  years,  age-1  fish  from 
exceptionally  strong  year  classes  (1955  and 
1958  year  classes  respectively)  accounted  for 
most  of  the  catch. 

In  the  Chesapeake  Bay  Area,  age-2  fish 
(1958  year  class)  constituted  the  largest  per- 
centage of  the  catch  (82  percent)  and  age-1 
fish  the  smallest  percentage  (18  percent)  in 
the  6  years  beginning  with  1955.  The  number 
of  fish  (0.81  billion)  was  less  than  1  billion 
for  the  first  time  since  1956. 

In  the  Middle  Atlantic  Area,  the  catch  also 
was  dominated  by  age-2  fish  (1958  year  class). 
The  number  of  age-2  fish  (1.28  billion)  was 
the  largest  contributed  by  a  single  year  class 
in  the  6-year  period,  1955-60,  but  the  numbers 
of  age-1  (13.6  million)  and  age-3  (16,6  million) 
fish  were  the  smallest  in  that  period,  Age-4 
fish  contributed  24.2  million,  and  all  older 
age  groups  8.5  million.  The  entire  catch  of 
1.3  billion  fish  was  the  third  largest  in  the 
6-year  period. 

The  trend  towards  dominance  of  the  catch 
by  age-2  fish  (1958  year  class)  continued  in 
the    North    Atlantic    Area.    This    age   group 
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Figure  3.--Age  composition  of  Atlantic  menhaden  from 
purse  seine  catches,  1960, 


Table  4o— Age  composition  (in  percent)  of  Atlantic  menhaden  purse 
seine  catches,  by  area  and  season,  1955-59 

(Most  numerous  age  group  underscored) 


Area,  year 

AGE 

and  season 

0 

1 

2 

3 

4 

5 

6 

7 

8-10 

SUMMER  FISHERY 

South  Atlantic: 

1955  .... 

1.66 

65.22 

27.02 

3.32 

2.77 

-» 

— 

— 

— . 

1956  .... 

— 

98.98 

0,94 

0,05 

0.02 

— 

— 

— 

__ 

1957  .... 

3.65 

32.47 

63.76 

0.12 

— 

— 

— 

— 

— 

1958  .... 

0.32 

68.44 

29,40 

1.79 

0.06 

— 

— 

— 

— 

1959  .... 

— 

90.90 

8.95 

0.15 

— 

— 

— 

-- 

— 

1960  .... 

3.47 

28.00 

68.53 

— 

— 

— 

— 

— 

— 

Chesapeake  Bay: 

1955  .... 

1.63 

44.77 

51.30 

1.54 

0.69 

0,06 

— 

— 

— 

1956  .... 

— 

90.91 

9.02 

0.07 

— 

— 

— 

— 

— 

1957  .... 

0,25 

85.22 

14.25 

0.26 

0.02 

0,01 

— 

— 

— 

1958  .... 

0.04 

46.32 

53.01 

0.50 

0.08 

0.04 

— 

— 

— 

1959  .... 

0.47 

90.12 

8.76 

0.65 

— 

— 

— 

— 

— 

I960  .... 

•=- 

17.55 

82.12 

0.33 

~ 

— 

— 

~ 

— 

Middle  Atlantic: 

1955  .... 

— 

1.81 

55,79 

23.18 

17.43 

1,40 

0,26 

0.10 

0.01 

1956  .... 

— 

14.78 

63„96 

18.08 

1.44 

1.41 

0,26 

0,06 

0.01 

1957  .... 

— 

22.24 

68,51 

4,26 

2.62 

1,26 

1,02 

0.03 

0.05 

1958  .... 

«3^ 

2.54 

95.08 

2,21 

0.12 

0,03 

0,02 

— 

-- 

1959  .... 

-- 

57.94 

30.27 

11,31 

0,30 

0,06 

0,07 

0.04 

-- 

1960  .... 



1.01 

95.29 

1,24 

1,82 

0.41 

0.17 

0.04 

0,02 

North  Atlantic: 

1955  .... 

-- 

— 

0.25 

13.94 

^7.55 

12.84 

4.65 

0,54 

0.22 

1956  .... 

— 

-- 

6.41 

36.35 

8,22 

40.96 

6.42 

1,29 

0.36 

1957  .... 

— 

0.91 

45.00 

18.79 

16.06 

8.59 

8,95 

1,46 

0,24 

1958  .... 

o_ 

0.16 

52.58 

24.47 

8.43 

6,75 

5,13 

2.36 

0.11 

1959  .... 



4.62 

21.13 

57.90 

7.56 

3,11 

3,20 

1.77 

0.71 

1960  .... 

~ 

— 

44.92 

21.39 

26.93 

4,90 

1,48 

0.36 

0.01 

FALL  FISHERY 

North  Carolina: 

1955  .... 

87.19 

3.61 

6.00 

0.86 

1.96 

0,32 

0,04 

— 

0.01 

1956  .  .  .  . 

16.12 

26.78 

11,95 

16.61 

4,15 

20.61 

3.31 

0.46 

— 

1957  .  .  ,  . 

74.20 

3.24 

6.08 

4.07 

5,40 

3.84 

2.89 

0.25 

0.02 

1958  ,  .  .  . 

38.07 

10.73 

35.86 

7.18 

2,63 

3.14 

1.48 

0.91 

— 

1959  .  .  .  . 

0.39 

3.84 

20,11 

58.00 

10,30 

3.21 

3.40 

0.44 

0.30 

1960  .  .  .  . 

31.37 

7.70 

20.86 

12.18 

18,92 

5,87 

2.17 

0.71 

0,22 
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constituted  21  percent  or  more  of  the  catch 
for  the  fourth  consecutive  year.  Age-1  fish 
(1959  year  class)  were  absent  from  the  catch 
for  the  first  time  in  4  years.  The  percentage 
of  age-4  fish  (27  percent)  was  the  largest 
since  1955,  but  there  was  a  further  decline 
in  the  contributions  by  fish  of  ages  6  to  10. 

Excluding  the  catch  of  age-1  fish,  the  North 
Carolina  fall  fishery  was  dominated  by  age-2 
fish  (1958  year  class).  While  accounting  for  21 
percent  of  the  catch,  the  latter  age  group  did 
not  contribute  to  the  fall  fishery  in  proportion 
to  its  contribution  to  the  summer  catches  in 
different  areas.  Contribution  by  age-4  fish 
(35  million)  was  the  highest  in  6  years.  The 
catch   of   age-0   fish    (1960   year   class)   was 


made  almost  entirely  by  vessels  fishing  out 
of  Southport,  N.C.,  in  early  January.  The 
total  catch  of  185  million  was  only  slightly 
greater  than  in  1959  but  substantially  less 
than  in  any  of  the  previous  4  years.  Although 
the  tonnage  was  less  in  1960  than  in  1959, 
the  number  of  fish  was  greater  because  of  the 
greater  number  of  age-0  fish. 


Length  Composition 

The  length-frequency  distributions  (in  per- 
cent) of  fish  in  samples  from  the  summer 
fishery  and  from  the  North  Carolina  fall  fishery 
are  shown  in  figure  4  (see  also  appendix 
tables  1-5). 
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Figure  4.— Length  composition  of  samples  of  Atlantic  menhaden  from 
purse  seine  catches,  1960. 
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The  lengths  of  fish  caught  in  the  South 
Atlantic  Area  ranged  from  110  to  240  mm. 
Age-2  fish  furnished  the  principal  modal 
group  and  showed  greater  variation  than  any 
other  age  group,  ranging  from  125  to  240  mm. 
There  was  almost  a  complete  overlap  in  the 
lengths  of  age-1  and  age-2  fish,  Age-2  fish 
were  smaller  than  in  any  other  area. 

Fish  caught  in  the  Chesapeake  Bay  Area 
ranged  from  160  to  240  mm.  The  frequency 
distribution  was  unimodal  (197  mm,).  Although 
age-2  fish  were  slightly  larger  than  age-1 
fish,  the  two  age  groups  could  not  be  sep- 
arated from  each  other  by  length. 


Table  6, — Sex  ratio  of  Atlantic  menhaden  in  purse 
seine  catches,  by  area  and  season,  1960 


Area  and 
season 

Males 

Females 

Ratio  of 
females 
to  males 

SUMMER  FISHERY 

Number 

Number 

South  Atlantic  .  . 

512 

461 

0.90 

Chesapeake  Bay  .  . 
Middle  Atlantic.  . 

951 
3502 

1018 
3301 

1.07 
0.94 

North  Atlantic  .  . 

1240 

1276 

1.03 

FALL  FISHERY 

North  Carolina  .  . 

572 

636 

1.11 

In  the  Middle  Atlantic  Area,  the  lengths 
ranged  from  175  to  350  mm.  A  mode,  repre- 
senting age-2  fish,  occurred  at  222  mm.,  fol- 
lowed by  a  minor  peak,  representing  age-4 
fish,  at  307  mm.  Age-2  fish  were  larger  than 
those  in  either  the  Chesapeake  Bay  or  the 
South  Atlantic  Areas. 

The  length-frequency  distribution  of  fish 
caught  in  the  North  Atlantic  Area  was  bimodal 
and  ranged  from  220  to  355  mm.  The  primary 
mode  at  257  mm,  represented  age-2  fish,  and 
the  secondary  mode  at  297  mm.  represented 
age-4  and  older  fish,  Age-2  fish  were  larger 
than  those  in  any  of  the  other  areas  during 
the  summer  season. 

The  length-frequency  distribution  of  fish 
taken  in  the  North  Carolina  fall  fishery  was 
negatively  skew,  due  to  the  occurrence  of 
age-0  and  age-lfish,  but  unimodal,  with  lengths 
ranging  from  70  to  354  mm.  The  mode  at  302 
mm,  resulted  from  the  relatively  large  per- 
centage of  fish  age-4  and  older. 

As  in  previous  years,  the  females  were 
larger  than  the  males  (fig,  5),  and  the  dif- 
ference was  greater  among  the  older  and 
larger  fish  in  the  North  Atlantic  Area  and 
the  North  Carolina  fall  fishery.  Among  age-1 
and  age-2  fish  caught  in  the  other  areas,  the 
difference  was  less  evident.  There  was  no 
significant  change  from  previous  years  in  the 
ratio  of  females  to  males  (table  6), 


Weight  Composition 

The  weight-frequency  distributions  (in  per- 
cent) of  fish  in  catch  samples  from  each 
area  and  from  the  North  Carolina  fall  fishery 
are  shown  in  figure  6  (see  also  appendix 
table  6-10), 

The  predominance  of  age-2  fish  was  re- 
flected in  each  distribution  except  that  for 
the  North  Carolina  fall  fishery.  In  the  South 
Atlantic  Area,  the  presence  of  age-1  fish  of  a 
smaller  size  range  resulted  in  a  bimodal 
distribution.  In  the  Chesapeake  Bay  Area,  the 
distribution  was  unimodal,  and  individual  age 
groups  were  indistinguishable.  The  distribu- 
tion in  the  Middle  Atlantic  Area  was  unimodal 
and  due  to  the  occurrence  of  older  fish,  posi- 
tively skew.  In  the  North  Atlantic  Area,  the 
bimodal  distribution  reflected  the  predomi- 
nance of  age-2  and  age-4  fish,  and  the  wide 
range  reflected  the  occurrence  of  several  age 
groups.  The  wide  range  and  the  absence  of 
any  dominant  mode  in  the  frequency  curve  for 
the  North  Carolina  fall  fishery  resulted  from 
the  occurrence,  in  relatively  equal  numbers, 
of  all  age  groups. 


Mean  Length  and  Weight 

The   mean   lengths    and   weights   of  fish  in 
purse  seine  catches  for  the  years  1955  to  1960 
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Figure  5. — Length  frequencies  of  male  and  female  Atlantic  menhaden  in  samples  from 

purse  seine  catches,  1960. 


are  summarized  in  tables  7  and  8,  and  the 
mean  lengths  and  weights  of  each  age  group 
in  the  1960  catches  are  given  by  sex  in  appendix 
tables  11-15. 

In  the  South  Atlantic,  Chesapeake  Bay,  and 
Middle  Atlantic  Areas,  the  mean  lengths  and 


weights  were  greater  than  in  1959;  in  the 
North  Atlantic  Area,  both  means  were  less; 
and  in  the  North  Carolina  fall  fishery,  the 
mean  weight  was  greater  while  the  mean 
length  was  unchanged.  The  increases  in  the 
South  Atlantic,  Chesapeake  Bay,  and  Middle 
Atlantic  Areas  resulted  from  increases  in  the 
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Figure 6. --Weight compositionofsamplesof  Atlantic  menhaden  purse  seine  catches,  1960. 


proportion  of  age-2  fish  and  concomitant  de- 
creases in  the  proportion  of  age-1  fish  in  the 
catches.  The  decrease  in  the  North  Atlantic 
Area  resulted  from  an  increase  in  the  pro- 
ponion  of  age-2  fish  and  a  decrease  in  the 
proportion  of  older  fish,  as  well  as  a  decrease 
in  the  mean  length  and  weight  of  fish  in  most 
age  groups.  Changes  in  the  mean  length  and 
weight  of  fish  in  the  North  Carolina  fall 
fishery  simply  reflected  changes  in  the  pro- 
portions of  various  age  groups. 

The  mean  lengths  and  weights  of  age-1  and 
age-2  fish  also  changed  from  previous  years. 
In  the  South  Atlantic  Area,  the  mean  length 
of  age-1  fish  was  larger  than  in  1956  and 
1959,  but  smaller  than  in  1955,  1957,  and 
1958.  The  mean  length  of  age-1  fish  was  the 
second  largest  in  the  Chesapeake  Bay  Area, 
and  the  third  largest  in  the  Middle  Atlantic 
Area  for  the  6-year  period.  In  the  South 
Atlantic,  Chesapeake  Bay,  and  Middle  Atlantic 
Areas,  the  mean  lengths  and  weights  of  age-2 
fish  were  the  smallest  of  the  period  1955-60. 
In  the  Chesapeake  Bay  and  Middle  Atlantic 
Areas,  the  mean  length  of  age-2  fish  has  de- 
creased every  year  since  1955.  For  each  older 


age  group,  the  mean  length  and  weight  in  the 
Middle  Atlantic  Area  was  generally  larger 
than  for  most  previous  years;  in  the  North 
Atlantic  Area,  little  change  in  mean  length 
and  weight  was  observed.  In  the  North  Caro- 
lina fall  fishery,  however,  the  mean  lengths 
of  individual  age  groups  were  either  slightly 
smaller,  or  were  relatively  unchanged  from 
previous  years,  but  the  weights  were  all 
substantially  greater,  indicating  an  increased 
weight-length  ratio  in  1960. 

DISCUSSION 

The  purse  seine  catch  of  Atlantic  menhaden 
was  the  second  smallest  in  the  past  6  years, 
despite  the  occurrence,  as  age-2  fish,  of  what 
unquestionably  was  the  largest  year  class 
(1958)  in  recent  years.  Suggested  reasons  for 
the  smaller  catch  in  1960  are  (l)the  scarcity 
of  age-1  fish,  (2)  the  smaller  size  of  age-2 
fish,  (3)  self-imposed  catch  limits  in  some 
localities,  and  (4)  decreased  availability  of 
older  fish. 

The  scarcity  of  age-1  fish  undoubtedly  was 
reflected    in    reduced    catches   in   the   South 
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Atlantic,  Chesapeake  Bay,  and  Middle  Atlantic 
Areas.  This  age  group,  in  the  past,  usually 
constituted  a  large  percentage  of  the  catch 
in  these  areas,  but  in  1960  its  contribution  to 
the  catch  in  each  area  was  the  smallest  in 
the  past  6  years.  To  some  extent,  the  over- 
whelming abundance  of  age-2  fish  compensated 
for  the  scarcity  of  age-1  fish  in  the  Chesa- 
peake Bay  and  Middle  Atlantic  Areas.  In  the 
South  Atlantic  Area,  however,  where  the  catch 
normally  consists  of  only  two  age  groups,  the 
abundance  of  age-2  fish  was  not  sufficient  to 
compensate  for  the  scarcity  of  age-1  fish, 
and  the  catch  declined  by  nearly  50  percent 
from  that  in  the  previous  year. 

The  numbers  of  age-2  fish  in  the  South 
Atlantic,  Chesapeake  Bay,  and  Middle  Atlantic 
Areas  were  greater  than  in  any  of  the  previous 
years  for  which  there  are  data,  but  the  average 
weight  in  each  area  was  the  smallest  during 
the  period.  In  the  South  Atlantic  Area,  it  was 
17  g,  less;  in  the  Chesapeake  Bay  Area,  26  g. 
less;  and  in  the  Middle  Atlantic  Area,  24  g. 
less  than  the  smallest  mean  weight  in  any 
previous  year. 

Because  of  poor  market  conditions  and  large 
inventories  of  meal,  restrictions  were  imposed 
on  fishing  in  I960.  In  the  South  Atlantic  Area 
(Fernandina,  Fla,),  daily  and  weekly  quotas 
were  placed  on  individual  vessels  when  fish 
were  abundant,  and  in  the  Chesapeake  Bay  Area 
many  vessels  stopped  fishing  for  extended 
periods  during  the  middle  of  the  season.  Had 
these  restrictions  not  been  imposed,  the  catch 
undoubtedly  would  have  been  much  greater  than 
it  was  in  the  Chesapeake  Bay  Area,  and  slightly 
greater  in  the  South  Atlantic  Area, 

A  more  fundamental  reason  for  the  reduced 
catch  in  1960  probably  was  the  decreased 
abundance  of  older  fish  in  the  catches  in  the 
Middle  and  North  Atlantic  Areas.  The  trend 
toward  proportionally  greater  numbers  of 
younger  and  smaller  fish  in  the  catches  in  these 
areas  was  noted  in  previous  reports  in  this 
series.  One  of  the  principal  reasons  suggested 
for  this  decline  was  the  over-exploitation  of 
age-1  and  age-2  fish  (June  and  Nicholson, 
1963).  The  number,  size,  and  efficiency  of 
vessels   exploiting   these  ages  has  increased 


continually  since  about  1950  (Nicholson),  i 
Although  the  1958  year  class  was  unques- 
tionably large,  the  amount  of  effort  expended 
on  age-1  fish  of  this  year  class  was  greater 
than  that  expended  on  age-1  fish  of  any  previous 
year  class,  and  the  effort  on  age-2  fish  also 
was  exceptionally  great. 

The  high  rate  of  exploitation  of  the  younger 
age  groups,  and  the  small  size  of  the  1959 
year  class  make  it  unlikely  that  the  catch  of 
Atlantic  menhaden  will  increase  in  the  next 
few  years.  It  will  more  likely  decrease  unless 
strong  year  classes  appear  in  1960  or  1961, 
Regardless  of  the  size  of  any  year  class  in  the 
next  few  years,  however,  the  1958  year  class 
probably  will  contribute  a  sizable  portion  of 
the  catch  at  least  through  the  1963  season. 


SUMMARY 

1.  The  1960  purse  seine  catch  of  Atlantic 
menhaden,  Brevoortia  tyrannus  was  next  to  the 
smallest  for  the  period  1955-60,  Only  501,000 
tons  were  landed  in  the  summer  fishery,  and 
68,000  tons  in  the  North  Carolina  fall  fishery. 
The  largest  portion  of  the  catch  was  made  in 
the  Middle  Atlantic  Area,  the  smallest  in  the 
South  Atlantic  Area, 

2.  The  number  of  vessels  and  the  number 
of  purse  seine  sets  increased  over  1959  in  the 
Middle  Atlantic  Area  and  decreased  in  all  other 
areas.  The  mean  catch  per  set  did  not  change 
greatly  in  any  one  area. 

3.  The  most  productive  fishing  grounds 
were  in  Chesapeake  Bay  and  the  coastal  waters 
northward  to  the  southern  shore  of  Long  Island. 
Fish  were  unusually  scarce  in  coastal  waters 
from  northern  Florida  to  Cape  Hatteras,  N.C., 
and  in  waters  north  of  Massachusetts  Bay. 

4.  The  1960  catch  was  dominated  by  age-2 
fish  (1958  year  class).  This  age  group  ac- 
counted for  the  greatest  percentage  of  the 
catch  in  all  areas  except  the  North  Carolina 


1  William  R.  Nicholson,  Measurement  of  effort,  and 
changes  in  the  catch,  effort,  and  catch  per  unit  of  effort 
in  the  Atlantic  menhaden  fishery,  1940-1962.  Bureau  of 
Commercial  Fisheries  Biological  Laboratory,  Beaufort, 
N.C.  [Unpublished  manuscript.] 
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fall  fishery.  The  number  of  age-2  fish  in  the 
catch  was  greater  and  the  number  of  age-1 
fish  (1959  year  class)  fewer  than  in  any 
previous  year  in  the  South  Atlantic,  Middle 
Atlantic,  and  Chesapeake  Bay  Areas, 

5,  The  trend  of  fewer  fish  among  the  older 
age  groups  in  catches  in  the  Middle  and  North 
Atlantic  Areas  continued, 

6,  The  mean  lengths  and  weights  of  age-2 
fish  were  smaller  than  in  any  previous  year. 
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APPENDIX  TABLES 


Appendix  Table  1 . --Length-frequency  distributions  of 
Atlantic  menhaden  in  samples  from  purse  seine  catches. 
South  Atlantic  Area,  excluding  the  North  Carolina  fall 
fishery,  1960 

(M  -  male,  F  -  female,  T  -  total,  including 
specimens  for  which  sex  was  not  determined) 


Fork 
length 
(mm.) 

Age 

0 

1 

2 

Total 

M 

F 

T 

M 

F 

T 

M 

F 

T 

110-114 
115-119 
120-124 
125-129 
130-134 
135-139 
140-144 
145-149 
150-154 
155-159 
160-164 
165-169 
170-174 
175-179 
180-184 
185-189 
190-194 
195-199 
200-204 
205-209 
210-214 
215-219 
220-224 
225-229 
230-234 
235-239 
240-244 

6 

5 
1 

1 
3 

1 

6 
7 
5 
2 

- 

4 

3 

2 

7 

6 

2 

8 

14 

14 

17 

12 

15 

10 

5 

12 

5 

2 

1 

1 

5 

7 

6 

4 

6 

5 

12 

8 

16 

16 

7 

8 

11 

13 

7 

2 

1 

_ 

5 

8 

10 

13 

10 

8 

13 

26 

22 

33 

28 

22 

18 

16 

25 

12 

4 

2 

1 

4 

11 

10 

16 

23 

20 

18 

20 

21 

17 

45 

49 

52 

32 

15 

3 

1 

1 

1 

1 

4 

4 

15 

27 

21 

20 

19 

14 

13 

32 

51 

34 

34 

19 

8 

2 

1 

2 

3 

14 

32 

50 

41 

38 

40 

36 

30 

79 

101 

91 

70 

34 

11 

3 

2 

2 

1 

6 

12 

13 

15 

17 

25 

22 

45 

76 

63 

71 

68 

58 

48 

95 

126 

103 

74 

36 

11 

3 

2 

2 

1 

Total  . 

13 

5 

20 

139 

135 

275 

360 

321 

697 

992 

23 


Appendix  Table  2. — Length- frequency  distributions  of 
Atlantic  menhaden  in  samples  from  purse  seine  catches, 
Chesapeake  Bay  Area,  1960 

(M  -  male,  F  -  female,  T  -  total,  including 
specimens  for  which  sex  was  not  determined) 


Age 
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length 
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Appendix  Table  6.— Weight -frequency  distributions  of  Atlantic 

menhaden  in  samples  from  purse  seine  catches  South  Atlantic 

Area,  excluding  the  North  Carolina  fall  fishery,  1960 


(M  -  male,  F  -  female,  T  -  total,  including 
specimens  for  which  sex  was  not  determined) 


Age 

Weight 
(g.) 

0 

1 

2 

Total 

\o  "  / 

M 

F 

T 

M 

F 

T 

M 

F 

T 

l^-l^i 

10 

1 

11 

4 

3 

7 

. 

. 

_ 

18 

30-39 

3 

4 

9 

10 

11 

22 

3 

1 

4 

35 

40-49 

- 

- 

- 

10 

12 

22 

21 

9 

30 

52 

50-59 

- 

- 

- 

19 

16 

35 

33 

27 

61 

96 

60-69 

- 

- 

- 

19 

24 

43 

31 

42 

73 

116 

70-79 

- 

- 

- 

24 

18 

42 

26 

32 

59 

101 

80-89 

- 

- 

16 

10 

26 

29 

13 

43 

69 

90-99 

_ 

- 

- 

6 

8 

14 

17 

15 

33 

47 

100-109 

- 

- 

- 

10 

10 

20 

50 

30 

82 

102 

110-119 

- 

- 

- 

9 

9 

18 

45 

44 

93 

111 

120-129 

- 

- 

- 

3 

9 

12 

40 

34 

79 

91 

130-139 

- 

- 

- 

5 

1 

6 

31 

33 

64 

70 

140-149 

- 

- 

- 

- 

- 

22 

19 

42 

42 

150-159 

- 

- 

- 

2 

1 

3 

7 

10 

17 

20 

160-169 

- 

- 

- 

- 

1 

1 

3 

3 

6 

7 

170-179 

- 

- 

- 

- 

- 

- 

1 

3 

4 

4 

180-189 

- 

- 

- 

2 

- 

2 

- 

3 

3 

5 

190-199 

- 

- 

- 

- 

- 

- 

1 

1 

2 

2 

200-209 

- 

- 

- 

- 

1 

1 

- 

1 

1 

2 

210-219 

- 

- 

- 

- 

- 

- 

- 

1 

1 

1 

Total.  . 

13 

5 

20 

139 

134 

274 

360 

321 

697 

991 

30 


Appendix  Table  7. — Weight -frequency  distributions  of  Atlantic 
menhaden  in  samples  from  purse  seine  catches,  Chesapeake 

Bay  Area,  1960 

(M  -  male,    F   -   female,   T   -  total,    including 
specimens    for  which  sex  was   not  determined) 


Age 

Weight 
(g.) 

1 

2 

3 

Total 

M 

F 

T 

M 

F 

T 

M 

F 

T 

70-79 

1 

2 

3 

_ 

. 

3 

80-89 

6 

9 

15 

6 

5 

13 

- 

- 

- 

28 

90-99 

18 

22 

40 

17 

13 

35 

- 

- 

- 

75 

100-109 

22 

20 

42 

40 

34 

78 

- 

- 

- 

120 

110-119 

22 

23 

46 

96 

84 

185 

- 

- 

- 

231 

120-129 

35 

34 

69 

173 

142 

320 

- 

- 

- 

389 

130-139 

37 

32 

69 

147 

182 

331 

- 

- 

- 

400 

140-149 

34 

32 

66 

114 

138 

252 

- 

- 

- 

318 

150-159 

19 

28 

47 

75 

93 

169 

- 

1 

1 

217 

160-169 

6 

7 

13 

33 

46 

79 

- 

- 

- 

92 

170-179 

3 

3 

6 

22 

29 

51 

- 

- 

- 

57 

180-189 

1 

3 

4 

7 

16 

23 

- 

1 

1 

28 

190-199 

1 

- 

1 

8 

9 

17 

- 

- 

- 

18 

gOO-209 

- 

- 

- 

2 

3 

5 

- 

- 

"" 

5 

210-219 

- 

- 

- 

2 

2 

4 

- 

- 

- 

4 

220-229 

- 

- 

- 

2 

1 

3 

- 

- 

- 

3 

230-239 

- 

- 

- 

- 

1 

1 

- 

1 

1 

2 

240-249 

- 

- 

- 

- 

1 

1 

- 

- 

- 

1 

250-259 

- 

- 

- 

- 

- 

- 

1 

- 

1 

1 

260-269 

- 

- 

- 

- 

- 

1 

1 

2 

2 

Total  . 

205 

215 

421 

744 

799 

1567 

2 

4 

6 

1994 

31 


i 


(0 

5 

,*J»**^mvD--^Oa^0^a^«^f^^--a^C^»t-lC^^>'^00»^^r*•^O*^C^I^<^C0^0r-4^i)Inc^^^^^OO00CMOCT^O 

H 

1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     I     1     1     1     1     1     I     I      1     1     1     1     1     1     1     1     » 

00 

pL. 

III! 11 1       1        1        1 1       1        1       I        ■        ■        1 

S 

1 1     1     1     1     r     1     1     1     1     1     1     1     1     1     1     1     1     1 1     1     1     1     I     1 

H 

1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     I     ■     1     I     1     1     1     1     1     1     1     1     I     1     1     1     1     1     •     1     1     1 

r- 

fa 

1     1     1     1     1     1 1     1     1     1     1 1     1     1     1     1     I     1     1     1     1     1     1     1     1     1     1     ■ 

S 

1     1     1     1     1     I     1     I     1     1     1     1     1     1     1     1 I II 

vO 

H 

■     ' ■ ' 

fa 

1          1          1          1          1          1          1          1          1          1          1          1          1          1          1          1          1          1           1          1          1          1          1          1          1          1          1          1          I          I          1          1           1          1          1          1          1          1          1          1          1 

S 

1          1          t         1          1          1          I          1          1          1          I          1          I          1          1          I          I          I          1          I          t          1          1          1          1          1          ■          1          1          I          1          ■           1          I          1          1          1          1          1          1          1 

in 

H 

1     I     1     1     1     1     i     1     1     1     1     1     1     I     t     1     1     1      I     1     1     1     1     1 I     1      t     1     1     1     1     1     1    ^    1 

fa 

III 1     1     1     1     1     1     1     1      1     1     1     1     1     1     1     1     1     1     1     1     1     1      1     1     1     1 

S 

I      1 1      1      1      1      1      1      1      1      1      1 1      1      1      1      1     4 1      1    ^     1 

-4- 

H 

1         1         II         1         1         1         III         1         1         1         ltll>-ll         l.-tlllt-<l         I         1         1         1         li-HI         tr->C^r~tmt-tr-t\D 

fa 

|||||||llllllllll^lllllllllltll1l||<-l^l<-l|| 

s 

ltilllliliiiiii*)ili^>t><-<(i<i*>'-'<t*-'<-HieniwvO 

m 

H 

1     1     1     1     1     1     1     1     1     1,-it     i,~i<N-.d"0O^cNcoi(s.-Hco.-t^cNmni     ics'-'r-<<i'es'4-miritn'4' 

fa 

I     1     1     1     1     1     1     1     1     1     1     1     1     i.-<rocMfnicN|iCM.-i^^i-i<^roi     i     i     i      i^i.-i^fni<siCN| 

Z 

1        1        1       1        1        1        1        1       1        Ir-ll        l.-<^.-lvO^CMrHI       1       ICMl        1        ItNfOI        iC^r-(|^^|cs|iriCnfM 

CN) 

H 

1  -d-<r-<f-^ot^o<Nf^a\o-*r^or*coo\o^^ocMoooofOT-(fno^o<M'-*sD»-<voeo<^w    i 
c^^OfOc^^lnl^»a^vD<toop^<Ma^r^u-la^^^^fncnf<>c^^.-lcMeM.-^cs|        ^^        ^ 

fa 

1     C^CNOlnoO^OOQCnfnr^.-HCOOfO.-^P^C^^^-^CNCT<<^^Olnu^OO^CT^lO^Of^^Ol'^r>-^■^f-^^^             1 
.-iCsirOMCN<Nc^cN.-t.-l^ 

S 

1   ,-tc^^a^c4r^Q0<T>c>c^<T'i^t^r^^Cicoa\cr>f^coc^iJ'^inc^c^-^t^^f^^'^p^r^c>ie^c^f^'~^    i 
,-irsitncnncN|cMC>|cM.-i^ 

- 

H 

r-iii>-icN--<r^r^r--vo-^(^c^'— tii'-<i      ■•-iiii-'i     itiiii     i     i      iiiitiiii 

fa 

iiii^^cN4m<^<-<^i<-'^it^iii~tii<-tiiiiiiiti     tiiiiiiii 

£ 

^ii^^iincocnirtcnrocv(iiiiiiit>ii(tiiiiiii|iiiiiii 

4J 

00 

-1  t 

Hi   ^ 

3 

« 

CTi   CT^   CT^   0^   O^    0>   0^   O^   0^   O^   CT^   0^   O^   CT>   O^   0^   CT^   O^   O^   0^   CT^  O^   0^   0^   CT*   CT*   0^   CT>   0^   0^   0^    CT^  o^   O^   0^   O^   O^   0^   0^   0^ 

o^Or-^c^^ro<l■ln^or^ooa^o^He^l^n<^u^vor^oocT^o.-^MPO^ln^o^*ooo^o■-^(^l^^J■lr^\or^oo^ 

iiiitiiiiiiiiiiiiiiiiiliiliitiiifiiTiiIii 

ooooooooooooooooooooooooooooooooooooooooo 

^^^rH.--if-H-H.-Hi--<.-HCNicNCNrsicsieNirjrsicN|CNi<nrn<*irnr*irocorornrn-^-<r-^ 

32 


<u 

X! 


-H     -O 

X 

CX    0) 

0) 

B    3 

m 

C8    C 

M    -< 

J= 

4J 

o 

a  □ 

-H 

•H    o 

Xi 

o 

Ft 

c  ^ 

« 

ki 

T3 

o 

III   O 

■§S 

w 

m  ^ 

c 

S 

<u 

S 

U     t0 

•»-( 

•M     01 

u 

^^ 

0) 

p. 

« 

a 

.-1    o 

u  -^ 

00 

<  H 

c 

ti 

t4 

>n    nj 

•V 

O  ^ 

3 

4J 

.—1 

to  <; 

u 

c 

e 

O     CD 

•H 

•H    ^ 

u  -a 

r. 

3  -o 

.—1 

55! 

h 

0 

c 

u 

3 


3 


1—1 
qj 

4J 
O 

H 

f 

H 

II Illllllllllr^ll^l'^lllll'llll 

■n 

00 

tb 

,    ,    1    1    , Ill 1  ^   i    1  ^   1    1    I    1    I II 

■vi 

£ 

, 1 1    i    1    1    I    1    1    1    1    1    1    1    I    «    1    1    1  ^   1    I    I    i    I    •    I    I    I    1 

1— 1 

r- 

H 

illlitil^ilil^ ^iillii^^llr-l r-ll.-ll 

0^ 

Pb 

llllllllllllllil ,-l.-IIICMIIIII^I--<l 

VO 

S 

lillSlll^llllr-l ^Jl Illtlllll 

CO 

H 

1       1       1       t       1       1       1       1       1       Ir-tl       ICMC^I'-'i-(CMr-ICMi-H*d'CN»C^f-ICNlCsl^f^l       1       ICO^I       1        1       1       l^-^ 

CO 

\0 

lx< 

1       1       1       1       1       1       1       1       1       1^1       li-ldl^CMi       1      ICMCMfn.-ICS.-(t-(CN|l       1       ICS.-(i       1       1      1       !'-< 

u-i 

s 

llllillllllll^l.-lll.-irMi-ICMIIIinll'-lillrrf 

t— 1 

H 

,^^i^c-jits]t^tM,-((MMr~r^oONt^ooincM^vom(MfMi.-<i-~i.-ii     i^ i 

m 

Cx 

1       1^1       In-ll       1       1       ln-l^eMnvOO>/^l"^-*<       l-*t^P4'-ll       IVOI.-II      1^1       1       1      ■•      1      1 

C4 

tn 

X 

1^1      i^^lc>|rncsir^i-4"'-'<t<r<^'^'Hcs|^CNfOl^i^^l      1      1      1     1      1      1      1      1     1      I 

-* 

^ 

-ooomrgn^.-ioon"-ir--co<r^t^c^inr-.o-*<^-a-<t-icM    i     in,-i    i     i     i     i     i     i     i     i     i     i 

m 

CO 

lb 

tM-*.-icM^oc-imvo>J300Moom»>csvo<tmov-*tn-*c-).-ieM    i     inr-i    i     i     i 

^     .-1     .-1     rH     ^               I-H                          .-t 

00 

a 

<f^OCT^^^OO^OmlMr-lln<^OC^•4•^CO,-lCs]^l       1       icNI       1       1       1       1       1       1       1       1       1       •       '       '      '       1       ' 

f~t             .— (,— (t— li— t>-Hi— IrH.-^ 

0^ 

t-i 

H 

^rlr^C0<~^>A-^<t■00<l■•d■c^<fvOeNf^^^lc^lc^lr-l^cMI      1      1      1      1      1      1      1      1      1      1      1     1      1      1      '      '      *      ' 

m 

h 

^CMCsit^^i<NCSntN--i<ft^<Nf1CM.-l^r-<^Csll       1       1       i      1       1       1       1       1       1       1      •       1       • 

X 

<firivDCO-ct--3-CM>o-itstsil<^lli-H^lillllllllliil 

o 

Csj 

H 

cncMCMlllrjll->il iiillllli illlllli 

1— t 

^0 

^ 

^^^lll^ll^l Illll lllil 

Csl 

S 

N^^lll-H.l 1 Illllil 

1— < 

.—I 
CO 

^ 

Eh 

I Iiillllli i   1    i    I   1   1    1 

in 

Cx 

1  1  1  ,  1  1  1  ..  1  1  1 Illlllli lllil 

o 

<M 

s 

1   1    i   1    1 i   1    I    1    I    1    1    1    1    1    1    1    1    1 1    1   1   1 

fO 

4-> 

•a- 

3 

>0 

SlnSSSlnlnKSS>SvDSvoS^vovOxOvDr-r-.i^i-.r-.r-r-i^r^rHa)cococooocococoooa 

^    O 
3    H 

33 


o 

u 


u 


a) 

3 


I 


•o 

J= 

«l 

3 

•§s 

M 

(1)   0^ 

o 

e  - 

<M 

O       » 

a 

■A     CO 

Q 

■U     0) 

dJ 

d  u 

Q 

oj  <; 

t-( 

.-4 

u 

■U     U 

V 

<    -^ 

p. 

4J 

n 

>H  a 

o  d 

Ml 

i-i 

B 

m  4J 

g-« 

1 

T<    J3 

r-H 

4i  JJ 

o 

3    H 

c 

XI    O 

•H 

■H   Z 

M 

■U 

.—1 

00 

a 

•H 

4J 

•o 

o 

^ 

>< 

U 

1 

c 

a 

H 

3 

D- 

(1) 

lU 

o 


■H    bO 
0)  ^^ 


^-Jc^^*d•l'^^A^o'n^^ooa^'-^o^a^ooooor*-^ol0^oln•4•'^lA^ol'^M^'*»'^<'^tn 


I     I     I     I     I 


I     I     I     I 


I     I     I     I     I 


I     I     I     I     t 


I     I     I     I     I 


I     I     I     I     I 


I     I     1     I 


I     I     I     I     I 


cs  ■-<  «N  f^  m  #^ 


M       I       I     CM    ^    iF-( 


rj  ^  c>i  >-H  ^  r4 


r-),-HCM    I   r-(csiconcMCMcn<rfOocor*.vocN'-tcNO 

,_(  i-l  csi  cs  •-(  (*> 


iesj,_im    icNico^t-^cTvCMvor^ooOr-toorHoo-^ 

r-ICSrHCNirs|Cs|Cs|FH 


I     I     I     icNi\Dcvitn(T>ooiooo*4'CTvO*^^or^io*oooooc^r^ooor^r^^  o^J 

,_i^^^^,-ICMCMi-t<-ICN|C0rH.-)CN|Cs|fO.-Hi-H<-« 


I     1     I     I     |,_^^^t^l<^^om^^vo^^lO.-lOcnoo.-^■-*r^o«M\ooc^>-^Ovoco 


I     I     I     I     |,-lmcM<*>l^•<j■mcof^lcMa^a^■»*^na^>*e^^.-lcoo•-'Oc^\oeNfO^-• 


00Ov0■»*-^C^O-*Ot^lm^D00^O^^l-^.-^CSO-^OlO00e^lC000v0-4■<^CM•-(^-l 


l-^r^ooc^^o^OvofOlnl^^o^oooop^.-^noo^*voooom^^•^m^-^I-^c^l»-^•-^ 
csiCN|i-icnpsirOe**>rO-»^esc^*4"f^f^CMiH<-<i-ii-i 


r^KO'^cNioooor-r-^OOcMCOcnoooaNCNf^<ti'>or^<-i'^i-icnm    i     i     i 

csir-ifncnncsf^cominmco-^'r-ifO.-icMr-ir-*        i-i 


I     I     I     I     I     I     I     I 


I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     ■     I     I 


I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I 


I     I     I     I     ■     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I 


0^a^a^a^CT^O^O^CT^C^0^0^O^O^0^0^O^C^0^a^0^0^O^0^0^0^^O^O^0>0^0^O^ 

o^(^Jcn-^ln^o^^ooo^o---^c^^^o^lnvo^^ooc7^0r-lc^^cn-d■lnvor^ooo^Q'-| 
c^^c^Ic^lc^lcNc^lrslcs^c^lc^^c^cn^^f*^cn^^coc*^cncn<t^o^±^^<f-^>*"^■*3•^ 
t     I     I    I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I     I    T    I     I     I     I     I     f     ff     I     I 

Ooooooooooooooooooooooooooopoooo 


34 


o 

EH 


0) 

•s 

4 
U 


3 


c 

B 

V4 


t~-( 

9 

B" 

S 

e 

9 

X 

n  ^-v 

CJ 

■o 

GO 

C     (U 

•w    3 

Xi 

a 

o 

B  -^ 

•H 

(U   u 
■V     C 

•§ 

0    o 

•s^ 

o 

<1) 

a  o 

^ 

tn 

O    CTv 

c 

-H    ^ 

^ 

u 

i 

C      " 

n   n) 

o 

—1     0) 

CD 

4J.     P 

a. 

<:  < 

« 

M-t     u 

00 

O    -r) 

B 

4J 

-H 

n   c: 

•o 

C    0) 

3 

O     r-l 

tJ    4J 

o 

■u  <: 

C 

3 

•H 

J3   J2 

T-»      4J 

*t 

u   u 

f-H 

4J     O 

rt 

n  s 

4J 

o 

•o 

■u 

>^ 

1 

c» 

c 

H 

<u 

3 

a- 

•u 

H 


•a 

B 

I 


^ 


I      I    CM   ^   ^ 


I     I   ,-1    I     I   ^ 


I   ^^    I   ,-t  ^    I 


^in^H      I       ICSCO\£>r-tC^CM 


^    tS   -I      I 


fo  -;f  w  en  T-i 


I     ro     I       I       I     CN      I     CM      I       I 


I     I     I     I     I     I 


I     I     I     I     I    I 


I     I     t   ^ 


,-1111 


1       I       I      4      I 


Csl      I       I       I       I     ,-1    ^      I 


CM     I       I       I       t     T-t    ^ 


I       I       I       I       I       I       I 


fO    IT)     *i&    vO    ^ 


r^v£)-^cMO^<t^-4'f^'^i^'4'rocM    ir^^     l^    I     I     i     I 


f0^r-i<j-cM^^i^cvinm*d"cnf^r^cncocM    icni-n    i 


I     I     I     I     I     I     I 


CMnCMCnm\£)CMCM>-<'ACS,-l      I       I 


j         I         I         I         I         I       rH       I         I         I         I         I         I         I         I 


I    I    I    I    I    I    I    I 


■CM    C^  CM    CM   CM   CM   ,-1   I 


(^r^mc7>r-*cocMr^cn\£>cr''^-^,— 1'^,— '^^    *     '     ' 


I     I     I     I     I     I     I     I     I     I 


.O^DOC^f^CMCM<J■r^cMf^^      ' 


I       I       I       I       I       I       I       I       I       I 


<J■CMlAO^CM<r<■<^'^-l,-l'       1^1^      I       •       '       '       ' 


I       I       I       I       I       I       I       I 


ooocnoo^cn<-<l'CM^'-ti     i,-ii^i     I     »     I     »     I 





-Cr-3-Csir-IW^I         1^1         I         I         I         I         I         > 


I         I         I         I         I         I         I 


I         I         I         I         I 


II  I         I         I      ^        I         I         I         I         I 


I         I         I         I  I         I         I 


3  ^ 


II      I      I      I      I      I      I     I 


Ill I      I      1      I      I      i      I      I 


I      I      I      I      I      I      I      I      I      I 


I      I      ■      I I      I 


1111 


I      I      I      I      I      I till 


I       I      I      I      I      I      I      I      I      I      I      I      I      I 


Ill 


I     I      I      I      I      I      I      I      I      I      I      I      I      > 


I      I      i      I      I      I      t      I      I      I      I      I      I 


S'nSu^u;,u;^u;,u;,vO.D^^KO^^o.ovor^rj.r^rj.rpr^r^r^r^r^co«cocooo        .^ 

A  (=>     AAooOCDCDOOOcioOOOOOOOOOOOOOOOOOOCD  iJ 


■  00  00  00   CO  00 


35 


O 

1 

cr. 

H 

1     1     1     I     I     I     I     1     I     1     1     1     I     1     1     ■     I     1     1     •     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     ,,,,,,,,     1 

tb 

I  1                                                                                                                                                                                                                               1     1     1     1     1     I 

s 

00 

H 

[b 

s 

- 

H 

t- 

£ 

MD 

t< 

[>H 

S 

iTl 

H 

fb 

S 

-3" 

H 

•'■ lll^ll.t ,,,,,,^,,,^,,l„ 

h* 

'    '    '    ' 1    1    1    1    1    1    I    1    1    1    1    1    1    1    1    I    1    1    1    1    1 II II 

£ 

' 1,,,,^ 11,^1  1,^1.1-- 

n 

El 

1      t      •      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      t      1      1      i,-ii.-<i      1      1      1      1      i.-(cs|-Hics|r-<cM.-<cMi^irico<J-t^inin 

h 

••'•l'><ltlllllllllllllllll(lllll^^l,~()r-(l(SJI.-<CSJ\D.-J(^fn-^ 

£ 

•''<<'      I'liiiiiiiitiiiii^i^ii      itiir-.r-iii.-<^_(,-<iicnncsico^cM-j- 

C.i 

H 

•     '     '     '      '     '     •     '      lc^f^c^^cN^^^^u^f^c-|l— '(N-^iA'-Hcsi-H.-H.— ir-<<Nc^csir^\Oonoo<tt— icNi(TvOOr^vo<*i'-Hr^in 

h 

<       <       1       1       t       t       1       1       I'-ipsllnHiOi-irOfN— (l(N.-(tNI       1       1       1       1       l.-Hl.^tMcMI<Jir>ii-lv0h-*v0C0r^r^cnO00OvD-3- 

S 

<     t     •     <      1     1     1     1      i.-i.-icM'-'rMCMfM^.-i.-ii     ifn,-i<si.-(,-<.-if-«.-Hcsir-*r-(^n<tc^v£ivOcstN<7'CT\^ooOr*.r^incN]-H 

H 

•)IIIICMCM>-lvO<7^<-'CX}\O^CMrn<ri'-<lllllllllllllllllllllllllll|| 

- 

fe 

iiitii(Nr-(<joovoiorom^i^miiiiiiiiiiiiiiitiiiiiiiiiiiii|| 

s 

iiiiiii>-4p^co<^vcinr-)itMcsr--<i>-4iiiiiiiiiiiiiiiiiiiiiiiiiiiii 

H 

0Of-iCM\D<7>^i'~t'-<CMIIIIIIIIIIiii|ii||||||||||||||||||||ti|| 

o 

b. 

Lri<rf-4COcococM<-iliiiiiiiiiiiiiiiiiiiiiiii      II      III      111111111)1 

£ 

ror^r-<co--irO(^lcMliiiillliiiiiiiiiiiiiiiiiiiiiiiiiiiiii|| 

j: 

0 

a 

3 

i 
f  M 

^\    O^    O^   <y\   0\    O^   O^    O^    O^    <J^    0\   O^    OS    ^\    O^   0\   q>   q\   0^    0>    C>    CT»    CT^    CT^   O^    0^    0^  0^    0^    0^   0^    0^    O^   CTv    CT*  (7^   CT*   0^   CT 
CT^■-^e^f^^u^^OP^OOO^■-^l--l■--^•-^■--ll--^<-H.-H.-^.--(C^Ie^ICs|C^JC^lC^IC^ICs^e■J<^•IO^n^*lfnc^                        coco    ^■^^r^J-*^'-***-^"^ 

I    I    '>••()    1 1    1    1    1    1    1    1    1    1    1    1    1    1    1    *.    r    1    1    1    1    1    1    1     1 Ill 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOSJOOOOOOOOOOOOOC 

1— iesfO<l-m\oi^oooNO.-<csifo<tui\ijr-ooo\o^(Ni  rn<j-m\or--oo  o^o.-lc^I^-)^mvo^~coo^Or-JCMco^lAvol~--o^ 
,-Hr_(,wr-l^.-^.--^.--^.-H.--lcslc^^f^Jc^icgf^lc^Ir^lc^Jc^^^nrl^ocncncnfOcococn^^<t>J•J■<J■^■J■<r 

36 


i 

r4esicv(esicNCNi-jr-)infniAricsirn^f^f^<N'-»--Hi--(>-^'-i'--''--« 

o 

< 

ON 

H  _ 

1         1         1         1         1          1          1         1 1         1         1         1         1          1          1         1          1      r-4        1         1          1 

■-t 

Fb 

lilt 1          1          1         1         1         1         1          1          1          1         1       r^        1         1          1          1          1          1         1         1         1         I          t         )        I         1         (•<)••         • 

■^ 

S 

1      1      1      1      1       1      1       1      1      1      1       1       1      1      1      1      1      '      i       1      1       1       1      1      1      I 

' 

00 

H                  |tlllllllllllllllllli-4llllllllllll<>'-'<<lll<'*            1 

tN 

Ei^ 

1        1        1        (        1        1        1        1        1        1        1        1        1        1        1        1        1        1        1        1     >-4      1        1        1        t        1        1        1        1        1        1        1        I         1        1    <-'       I        1        <        >        '        ■        ■        ■ 

r. 

S 

1      1      1      1      1       1      1       1       1      1       1       1       1 1 1      1      1      1       1       1       1      1     i      1       1       1      i       I      i       1      • 

1 

H 

iitit      1      1      1      II      1      1      I      1      1      ii^^i      II      1^1      irMir~iiiicM--<iirN|ii      i      iii      i 

cn 

r^ 

(±<                     lllllllllllllllllll          IIIIIIICSJl--Hlll<Nt>-<IIC^IItll(l 

CO 

£ 

iiiiiiiiiiiiitiii<-i.-iiiit.-<iiiiCNliii<i'>>i'*''' 

m 

VC 

H 

1       1       1       1       1       1       1       1       1       I--II       l^^lfn^^l^^^^<J'n<tCM^.-lr4ICN)l       1       11^ ^•-' 

1^ 

t        1        1        1        1        1        1        1        1        1        1        1        |^r-<l.-tl        1         |^|,_*c*ifncMfn«SJ.-Hi-IW^I        1        ll^l        1        1        t        l^.-l 

E 

||||||l(llr-<illllCs|.-l.-lllr-4l(N.-'^.-<llll<-<lltl<t'''''' 

<M 

H 

^1      i^r^^cNCO<r.--<\or^CNf^cr'r^'X>\D-*f^Q0in-s!-00-^f^l<^l'--'«-4rN|.--i.--ilc^l      t      I      I      i      •      <      • 

;::; 

m 

X 

1      1      t      i^^^^^ic-)n,-(csroos|f^fOf^e^i^u^eMvO<t<MiCsii^r-«rM^.-(lCNl      i      i      t      i      I      t      ' 

^1      t^^t.-ic^cn.-iC-i~:3-^,-f\£>irtmr^^tr-ttC'4c^t'-it<-it      i      1      l      •      I      ti      I      ■      •      I      •      t      I      ' 

3 

<r 

H 

^^^cNir^cMrncM'-'c^rJcMCNj'-'.-i 

S 

b 

leMfniojfn\o^oc^\o^ocT«cy>h*oincyNCMOOf^co\DiAro*ncnr-(^^.-ii     i     i     t     i.-<i     i     i     i     •     i     i     t 

O 
CM 

£ 

f0»n-d-00CT^Ocg-4'-^00vD-4"^0O.-i\D'X)<rf^'-'l      icni      i      I      I      1      1      •      1      1      1      '      •'      '      '      '      '      '      '      •      ' 

O 

ro 

h: 

. 

fM 

o 

Cb 

nmii^<r'^»*ovv£>\ovO'<rvDcN<rM-d-'-(<i''-ir-4i.-(i     i     i     i     i.-(i     i     i     i     i     i     i     ti    i     i     t     i     i     i     •     i 

o 

s 

f^inr^msDoocrivD-^<JiOt— 'r-Hi— II      ii— ii      i      i      i      i      i     i      i      i      i      i.— *i      i      i      i     t      ii     *     '      •      '      '     '     '      ' 

o 
o 

CN 

H 

CT>CO<f<f-^'-'rgtNn-i^<vji      1      1      l--^ii      1      i      1      1      III      1      II      iili      1      1      III      •      tl      III      1 

en 

v£>io.-(^mi--ir-i.-(.-i(Ml      1      1      i^ii      1      1      1      1      II      1      1      II      1      1      1      1      iilli      1      1      1      III      i 

S 

r-ir-)mi.-i.-i,-i-^iiiiiiiiiiiiiiiiiiiiii<iii>ii<'''''' 

in 

H 

1      1     1     1     1      1     1      1     1     1      1      1      1      1      1      1      1     1      1      1      1      1      1     1      1      1      1      1     1      1      1     1      I     ••<■■'■■'*     ' 

tL. 

1     1      1     1      1      1      1      1      1      1      1      1      1     1      1      1      1     1      1      1      1      1      1     1     1      1      1      1      •     1      ■■      I     1      ■■■*'<'''     ' 

S 

i     1     1     1      1     1      1     1      1     1     1      1      1      1     1      1     1     1     1      1      1      1      1     1      1     1      1     1     1      1      1     1      1     1      1     ■<<■■'''     ' 

ON 

cn 

O 

H 

1      1      1      1      1      1      1      1      1      1      1      1      1 lllllllllllllllllll''''''' 

o 

\0 

PL< 

1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      I      I      1      I      1      1      I      I      ■■*■■■*'*''      ' 

CM 

X 

1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      1      I      I      1      1      1      '      1      1      ''''''**''      ' 

S 

4-> 

3 

bO 

O^O^a^C^a^a^O^a^a^0^a^0^CT^O^CT^C7^O^O^C^a^a^O^a^0^CT^a•C7^a^a^a^a^CT^a^O^a^<^O^O^a^ 
O^Or-.^S|r^^lnv£>r-00a^O^CSm<ru->^£l^-00CT^O-^C4Cn^ln^£>r^00a^Or-;N   rn_-^  ^^J^SSiS^?^ 

CO 

37 


Appendix  Table  11. — Mean  fork  length  and  weight  of  Atlantic 
menhaden  in  samples  from  purse  seine  catches.  South 
Atlantic  Area,  excluding  North  Carolina 
fall  fishery,  1960 


Age  Group 

Sex  1/ 

Males 

Females 

Both 

Fork  Length  (mm.): 

0 

1 

2 

Weight  (g.): 

0  .  .  .  ,  . 

1 

2 

116.3   (13) 
161.3   (139) 
176.2   (360) 

28.0   (13) 
76.6   (139) 
98.2   (360) 

121.8  (5) 

161.9  (135) 
178.1  (321) 

32.0   (5) 

75.6  (135) 

102.0  (321) 

117.8   (18) 
161.6  (274) 
177.1  (681) 

29.1  (18) 

76.2  (274) 
100.0  (681) 

\J  Numbers  of  fish  in  parentheses. 


Appendix  Table  12. — Mean  fork  length  and  weight  of  Atlantic 
menhaden  in  samples  from  purse  seine  catches,  Chesapeake 

Bay  Area,  1960 


Age  Group 

Sex 

1/ 

Mai 

es 

Females 

Both 

Fork  Length  (nmi.): 

1 

2 

3  ....  . 

193.9 
199.4 
251.0 

(205) 

(744) 

(2) 

193.0 
200.8 
240.2 

(215) 

(799) 

(4) 

193.5 
200.1 
243.8 

(420) 

(1543) 

(6) 

Weight  (g.): 

1 

2 

3 

127.9 
134.5 
257.5 

(205) 

(744) 

(2) 

127.7 
138.0 
211.0 

(215) 

(799) 

(4) 

127.8 
136.3 
226.5 

(420) 

(1543) 

(6) 

\J  Numbers  of  fish  in  parentheses. 
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Appendix  Table  13. — Mean  fork  length  and  weight  of  Atlantic 
menhaden  in  samples  from  purse  seine  catches.  Middle 

Atlantic  Area,  1960 


Age  Group 

Sex  1/ 

Males 

Females 

Both 

Fork  Length  (mm. ) : 

1 

2  ....  . 

3 

4 

5  ....  . 

6 

7  ....  . 
8 

Weight  (g.): 

1 

2 

3 

4 

5 

6 

7  ....  . 
8 

215.2    (32) 

225.6  (3143) 
282.0    (90) 

300.4  (179) 
312.9    (43) 

322.5  (11) 

322.7  (3) 
331.0     (1) 

172.2    (32) 

203.6  (3141) 
470.4    (90) 
574.0   (179) 

654.6  (43) 
716.4    (11) 

634.7  (3) 
794.0     (1) 

221.4  (20) 
227.9   (2974) 

284.6  (74) 

309.5  (178) 

318.8  (52) 

329.2  (25) 
337.0     (6) 
336.0     (2) 

188.7  (20) 

209.9  (2974) 
488.9    (74) 

629.3  (178) 

687.4  (52) 

736.4  (25) 
815.7     (6) 

775.5  (2) 

217.5  (52) 
226.7   (6117) 
283.1   (164) 
304.9   (357) 

316.1  (95) 

327.2  (36) 

332.2  (9) 

334.3  (3) 

178.6  (52) 

206.7  (6115) 
478.7   (164) 
601.6   (357) 

672.6  (95) 
730.3    (36) 
755.3     (9) 

781.7  (3) 

\J  Nvunbers   of   fish   in  parentheses. 
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Appendix  Table  14. — Mean  fork  length  and  weight  of  Atlantic 
menhaden  in  samples  from  purse  seine  catches.  North 

Atlantic  Area,  1960 


Sex  1/ 

Age  Group 

Mai 

es 

Females 

Both 

Fork  Length  (mm. ) : 

1 

2 

255.6 

(650) 

257.8  (563) 

256.6 

(1213) 

3 

276.1 

(232) 

283.4  (254) 

279.9 

(486) 

4 

295.6 

(297) 

301.0  (349) 

298.5 

(646) 

5 

309.8 

(48) 

321.5   (81) 

317.2 

(129) 

6 

325.0 

(11) 

333.2   (22) 

330.5 

(33) 

7 

326.3 

(3) 

342.2    (6) 

336.9 

(9) 

8 

- 

- 

341.0   (1) 

341.0 

(1) 

Weight  (g.): 

1 

2    '.'.'.'.    '. 

315.6 

(650) 

325.8  (563) 

320.4 

(1213) 

3 

400.8 

(232) 

443.1  (254) 

422.9 

(486) 

4  ....  . 

493.6 

(296) 

528.9  (349) 

512.7 

(645) 

5 

561.9 

(48) 

630.7   (81) 

605.1 

(129) 

6 

645.0 

(11) 

697.2   (22) 

679.8 

(33) 

7  ....  . 

647.7 

(3) 

728.2   (6) 

701.3 

(9) 

8 

" 

— 

849.0   (1) 

849.0 

(1) 

l/  Numbers  of  fish  in  parentheses. 
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Appendix  Table  15. — Mean  fork  length  and  weight  of  Atlantic 
menhaden  in  samples  from  purse  seine  catches.  North 
Carolina  fall  fishery,  I960 


Ses 

-y 

Age  Group 

Males 

Femal 

es 

Both 

Fork  Length  (mm.): 

0 

124.6 

(28) 

126.2 

(32) 

125.5 

(60) 

1  .  . 

189.0 

(39) 

187.7 

(37) 

188.4 

(76) 

2  . 

265.1 

(152) 

270.3 

(161) 

267.8 

(313) 

3  . 

290.3 

(100) 

296.8 

(103) 

293.6 

(203) 

4  . 

301.9 

(192) 

310.8 

(201) 

306.5 

(393) 

5  . 

311.3 

(44) 

319.2 

(67) 

316.1 

(111) 

6  . 

322.4 

(12) 

324.0 

(24) 

323.4 

(36) 

7  . 

330.0 

(5) 

335.1 

(8) 

333.2 

(13) 

8  . 

- 

- 

346.5 

(2) 

346.5 

(2) 

9  . 

- 

- 

337o0 

(1) 

337.0 

(1) 

Weight  (g.) 

0  . 

•   •   • 

35.0 

(28) 

34.4 

(32) 

34.7 

(60) 

1  . 

113.6 

(39) 

110.8 

(37) 

112.2 

(76) 

2  . 

373.6 

(152) 

399.0 

(159) 

386.6 

(311) 

3  . 

512.5 

(100) 

542.1 

(102) 

527.4 

(202) 

4  . 

580.8 

(190) 

635.5 

(201) 

608.9 

(391) 

5  . 

629.1 

(44) 

688.0 

(67) 

664.7 

(111) 

6  . 

701.6 

(12) 

754.0 

(24) 

736.5 

(36) 

7  . 

721.4 

(5) 

805.0 

(8) 

772.8 

(13) 

8  . 

- 

- 

766.5 

(2) 

766.5 

(2) 

9  . 

•    •    o 

•• 

■" 

713.0 

(1) 

713.0 

(1) 

\J     Numbers  of  fish  in  parentheses, 
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Created  in  1849,  the  Department  of  the  !nterior--a  department  of  conservation--is  concerned  with 
the  management,  conservation,  and  development  of  the  Nation's  water,  fish,  wildlife,  mineral,  forest, 
and  park  and  recreational  resources.  It  also  has  major  responsibilities  for  Indian  and  Territorial 
affairs. 

As  the  Nation's  principal  conservation  agency,  the  Department  works  to  assure  that  nonre- 
newable resources  are  developed  and  used  wisely,  that  park  and  recreational  resources  are  con- 
served for  the  future,  and  that  renewable  resources  make  their  full  contribution  to  the  progress, 
prosperity,  and  security  of  the  United  States—now  and  in  the  future. 
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